Background: Quantitative assessment of postsurgical knee motion provides sensitive measurements, but results are technical and may not be meaningful to patients. Although several knee-specific instruments exist, no patient-reported outcome (PRO) measure correlates function with improved stability, motion, satisfaction, and confidence. Objective: To address both the above limitations by developing a PRO measure to assess the phenomenon of a "normal" knee after primary total knee arthroplasty (TKA). Methods: A draft conceptual model linking the impact of clinical mechanics to hypothesized functional outcomes was generated after a literature review of available assessment tools. Participants aged 18 to 80 years having undergone TKA within the past 10 to 18 months were identified and screened by clinical sites to participate in phase 1 focus groups or phase 2 in-depth interviews. Participants were asked to describe their TKA experiences, including how their knee feels now, followed by cognitive debriefing of Patient's Knee Implant Performance (PKIP) draft items. Results: Phase 1 results indicated that concepts of confidence, stability, and satisfaction in patients' replacement knee when performing certain activities were distinct and important in the patients' assessment of their TKA. Phase 2 efforts yielded a final version of the PKIP measure containing nine items assessing the broader concepts of stability, confidence, and satisfaction in association with activities. Presurgical and postsurgical versions of the measure were created. Conclusions: Results of this qualitative study support use of the PKIP as a complementary PRO measure to assess performance after primary TKA. Psychometric evaluation of the PKIP is planned.
Introduction
Primary total knee arthroplasty (TKA) is one of the most commonly performed orthopaedic procedures, and it can help relieve pain and restore function in diseased knee joints. In 2004, knee and hip arthroplasties accounted for 95% of the 1.07 million arthroplasty procedures performed in the United States [1] . From 1991 to 2004, the annual number of TKAs increased almost threefold in the United States [2] . Approximately 431,485 primary TKAs were performed in the United States in 2004, a 53% increase from the year 2000 (281,534 TKAs) [2] . According to a recent study presented at the 2012 Annual Meeting of the American Academy of Orthopaedic Surgeons, more than 4.5 million Americans are living with a total knee replacement. The number of total knee replacement surgeries has more than doubled over the past decade, with the sharpest rise among younger patients [3] . Based on future projections, the demand for TKA in adults aged 45 to 54 years is anticipated to grow 17-fold by 2030 [4, 5] .
These younger patients will require their implants to function several decades longer and typically demand more performance from their implant than required for the average older patient [6] .
The goal of TKA, like the goal of total hip arthroplasty (THA), is to reduce joint pain, increase range of motion, and improve function and quality of life [7] . Clinicians and patients generally have the misconception that THA and TKA have similar recovery patterns [8] . Evidence shows, however, that patients with TKA actually experience significantly smaller improvements in postoperative pain and function than do patients undergoing THA [8] [9] [10] .
Both patients and clinicians increasingly identify that the objective of TKA is to closely approximate with a prosthesis the feel and function of a healthy knee that has never undergone surgery [11] . As such, another important aspect of the discrepancy in THA and TKA outcomes is that patients who have undergone THA can (more often) "forget" about their prosthesis after surgery, whereas patients who have undergone TKA are aware of the prosthetic [12] .
Before the conduct of this study, a review of the literature in PubMed and EMBASE identified available assessment tools designed to measure functional outcomes after TKA. This literature search was intentionally broad and included outcomes tools used for unicompartmental knees and outcomes more commonly reported in the sports medicine and physical therapy literature. The primary objectives of the review were 1) to better understand the concepts related to patient perception of a "forgotten" or "normal" knee after TKA, and, 2) if available, to identify a suitable, existing tool(s) to meet this need. Patient-reported outcome (PRO) instruments were identified, including the Western Ontario and McMaster Universities Arthritis Index (WOMAC), Knee injury and Osteoarthritis Outcome Score (KOOS), Oxford Knee Score (OKS), Kujala Scoring Questionnaire, and the International Knee Documentation Committee Knee Form. In addition, a historically popular clinician measured outcome tool, the Knee Society Score, was reviewed. None of the currently available PRO measures evaluate patients' perception of their biomechanics (i.e., the relationship of function with improved stability, motion, satisfaction, and confidence). For example, the KOOS assesses the degree of difficulty with functioning due to the patient's knee (e.g., descending stairs, ascending stairs) but does not delve into whether this degree of difficulty is due to knee stability, confidence, and so on. Thus, the KOOS provides an assessment of the level of difficulty the patient experiences but provides no information regarding what aspect of knee functioning causes this level of difficulty. Similar issues are found with the WOMAC, OKS, and International Knee Documentation Committee Knee Form.
Postsurgical knee motion is typically assessed via gait analysis [13] and/or kinematic studies [14] [15] [16] [17] . Key learnings from biomechanical analyses highlight that the knee motion of the three main implant components (femoral component, tibial component, and patellar component) does not routinely follow movement patterns similar to normal knees and also exhibits increased variability [14, 17, 18] . The altered biomechanics after TKA, particularly with higher knee flexion activities such as deep knee bends and stair ascent/descent, is thought to contribute to why patients with knee replacement are not as satisfied with their joints compared with patients with hip replacement and also compared with their nonimplanted knee. Furthermore, the observed suboptimal biomechanics pose greater challenges as patients with knee replacement have their surgery at younger ages [3] and have high functional expectations. Although these biomechanical analyses are sensitive and provide quantitative measurement, they are typically done on small sample sizes and the actual results are very technical, may not be representative of broader patient populations, and may not resonate with all stakeholders, particularly the patient. Coupling the gap in existing PRO measures with the limitations associated with biomechanical analyses, a key problem is that currently, no patient-reported measure is available to assess patients' perception of their biomechanics.
Although this concept is not presently defined in the literature, for the purposes of this study, the concept of a "natural knee" or "natural" motion or movement after TKA is defined as stability, motion, stability with motion, satisfaction, and confidence with how an individual's replacement knee facilitates his or her functioning. Furthermore, it is important to assess these themes within the context of activities that are important to the increasingly younger TKA population. While various kneespecific instruments currently exist (e.g., WOMAC, OKS, and KOOS), the objective of the current study was to address the identified gap in patient-reported measures assessing this phenomenon of a "natural knee" and create a complementary measure that could be used with existing knee-specific instruments to provide a more robust assessment of the patient experience after knee replacement.
Conceptual Model Development
A conceptual model has been defined as "a taxonomy of patient outcomes according to the underlying health concepts they represent and proposes specific causal relationships between different health concepts" [19] . Rothman et al. [20] further refined this definition to indicate that the conceptual model "provides the rationale for and specification of the PRO measures of interest in the population of interest that will result in a specific treatment decision." A PRO measure will lend support to the evaluation of TKA benefit by allowing the specific assessment of patients' perceptions of their experience. Therefore, a draft conceptual model was created linking clinical impact with measurable outcomes to support evaluation of benefit. Hypothesized measurable outcomes were determined on the basis of previous research, including PRO measures [21] , fluoroscopically measured biomechanics [17] , engineering expertise, and clinical expertise of key opinion leaders. Experts participated in a workshop to link factors that could contribute to patient outcomes, with a specific emphasis on outcomes associated with improved functional performance. Clinical impact was mapped to a specific symptom experience by the patient (e.g., natural motion). Finally, continuing the progression outward in the model, reduction in these Fig. 1 -Conceptual model. AKP, anterior knee pain; AP, anteroposterior; ML, mediolateral; PF, patellofemoral.
symptoms was hypothesized to improve function (i.e., reduce limitations), patient satisfaction, psychosocial well-being, and productivity. Figure 1 contains a depiction of the resulting model.
Within the context of this model, this article describes efforts designed to better understand and assess patients' perceptions regarding the performance of their replacement knee. We detail the initial development work completed for the Patient's Knee Implant Performance (PKIP) measure, a self-reported assessment designed to be completed by patients both before and after TKA.
Methods
This article focuses on the qualitative aspects of PKIP development, which included conceptual model and draft item development, concept elicitation, cognitive debriefing, refinement of draft items (Fig. 2) , and confirmation of the model. Constant comparative analysis [22] was used to develop categories of any concepts or themes identified from the data. Using this approach, predominant themes were identified and then compared across the results to generate themes or patterns in the way participants described their experiences.
The research described in this article was conducted in the United States, Northern Ireland, and Australia and was approved by appropriate human subjects institutional review boards and incountry ethics research committees before recruitment or participation of any participants. Written informed consent was obtained from all participants before conduct of focus groups or interviews. Clinics were selected on the basis of 1) ability to efficiently recruit patients who had undergone TKA, 2) access to English-speaking patients, 3) ability to use a central institutional review board (United States only), and 4) orthopaedic surgeon's interest in improving PRO measures for TKA. Participant entry criteria were drafted to closely mirror those used within research clinical trials for TKA and TKA indications. Particular emphasis was placed on ensuring participant diversity, including sex, age, race, ethnicity, and educational level, so that the feedback would be representative of the actual treatment population. The specific eligibility criteria are described within the summary section describing the concept elicitation methods.
Literature Review
In March 2009, two broad literature searches were completed using EMBASE/CINHAL, PubMed/Medline, and secondary searching based on bibliographies. The first search focused on functional outcomes and specifically "natural motion" as it related to knees. The search strategy was intentionally broad so that it included unicompartmental knee arthroplasty, physical therapy, and sports medicine to potentially capture sources that could be representative of higher functional outcomes assessment compared with traditional TKA literature. Key terms included sensation, kinesthesia, natural, squat, kinematics, gait, proprioception, normal sensation, and satisfaction. A total of 2765 possible sources were found. Exclusions included nonEnglish articles, arthroscopic reconstruction, cerebral palsy, and non- Fig. 2 -Qualitative aspects of PKIP development. FGs, focus groups; PKIP, Patient's Knee Implant Performance.
* Additional psychometrics will be performed on full measure.
knee-related arthroplasty. Approximately 250 articles were examined. The second search focused on anterior knee pain and crepitus. The same search engines were used, and key terms included anterior knee pain, patellar pain syndrome, patellar clunk, crepitus, and crepitance. After applying exclusions for non-English articles, patellofemoral arthroplasty, and unicompartmental and non-kneerelated arthroplasty, a total of 62 articles were reviewed.
The second search identified that anterior knee pain and crepitus are important negative outcomes in TKA; however, existing instruments already allowed for the evaluation of these concepts.
Development of Draft Items
The draft items were developed using the working definition of "natural motion," which was derived from a review of the published literature, engineering expertise, and clinical expertise in the design and function of replacement knee products. This definition then further delineated the concept as improved stability, motion, satisfaction, and confidence with how the knee is able to help patients perform functional activities. Therefore, the basic concrete concepts of confidence, stability, and satisfaction were combined with specific functional activities known to present challenges to individuals after TKA. These functional activities included going upstairs or downstairs, walking uphill or downhill, and getting up from a chair. In addition, because the concept of natural or stable motion is closely associated with the more abstract concept of "forgotten knee" (the ability of a patient to forget, or not focus on the fact that he or she has an artificial knee joint, often seen in patients with hip replacement, but not in those with TKA), an additional question was added to ask individuals how often they are "aware" of their knee. The response options selected for use with the draft items are commonly used within a multitude of previously developed and validated questionnaires, including the KOOS. The draft items were deliberately ordered; the more global concept of confidence was introduced first, followed by the more focused concept of stability, so that the initial interpretation of the word "confidence" was not prematurely altered or swayed by prior introduction of the term "stability." Satisfaction was then used as the summary concept.
Concept Elicitation
Two focus groups were conducted with patients diagnosed with noninflammatory degenerative joint disease to confirm the relevant constructs for the TKA conceptual model and gather patient feedback on a set of novel draft PRO items designed to assess patients' stability/awareness of, confidence in, and satisfaction with their replacement knee. Patients meeting study criteria were referred by orthopaedic surgeons to focus group facilities in Montgomeryville, Pennsylvania, and Winston Salem, North Carolina. Eligible patients were aged 18 to 80 years, had undergone primary TKA in the past 10 to 18 months, and were experiencing pain different from that experienced before surgery in the anterior aspect of their replacement knee for most days of the current month, which is consistent with the target population for primary TKA. Patients with a history of unicompartmental knee replacement, contralateral TKA, or THA or currently taking prescription medication for knee pain were not eligible for the study. All discussions were conducted by experienced moderators who used a prospectively developed semistructured discussion guide. Participants initially were asked to discuss their experiences with knee replacement and describe how their knee feels now since the surgery. The discussion then shifted to focus on specific areas associated with knee performance, specifically issues related to stability, motion, confidence, and satisfaction with their knee replacement and the impact of any limitations they continue to experience with their knee. This portion of each interview functioned as a concept elicitation phase, wherein the interviewers had the ability to determine the importance of natural motion to patients after TKA, confirm the constructs that make up the concept of natural motion (i.e., improved stability, motion, satisfaction, and confidence when performing functional activities), and identify important effects of limitations in natural motion (e.g., inability to perform vs. apprehension in performing functional activities). Participants were then asked to review and provide feedback regarding the relevance and importance of the draft set of 10 items addressing patients' stability/awareness of, confidence in, and satisfaction with their replacement knee, particularly in relationship to specific activities.
Cognitive Debriefing and Refinement of Draft Items
Two rounds of cognitive debriefing interviews were conducted with patients diagnosed with noninflammatory degenerative joint disease recruited from a total of four investigative sites to provide confirmatory evidence of content validity of the PKIP items, support identification of any additional constructs that should be included in this measure, and determine the most appropriate wording and response scales for the items. The goal of the first set of interviews was to identify any revisions required to optimize the instructions, item wording, or response options. The goal of the second set of interviews was to test the adequacy of modifications based on earlier interviews and to gather additional qualitative data about the final item set before psychometric evaluation and utilization. Patients meeting study criteria were identified by orthopaedic surgeons and scheduled to participate in an individual interview we conducted at a designated facility in Jacksonville, Florida; at the respective investigative sites located in Columbus, Ohio, and Crawley, Australia; and at a qualitative research facility in Belfast, Northern Ireland. Screening criteria mirrored that of the focus group criteria; however, participants were not required to currently be experiencing pain in their knee and individuals having THA or contralateral TKA were eligible as long as the procedure occurred more than 3 months before participation in an interview. All interviews were conducted by the same experienced qualitative researchers using a prospectively developed semistructured guide. Participants were initially asked to discuss their experiences with knee replacement and describe how their knee feels now since the surgery. The discussion then shifted to focus on specific areas associated with knee performance, specifically issues related to stability, motion, confidence, and satisfaction with their knee replacement and the impact of any limitations they continue to experience because of or with their knee. This portion of each interview functioned as a concept elicitation segment, wherein the interviewers could determine the importance of natural or stable motion to patients after TKA, confirm the constructs that underlie the feeling of a healthy knee (i.e., improved stability, motion, satisfaction, and confidence when performing functional activities), and identify important effects of limitations in stable motion with activities that are important to patients who have undergone TKA (e.g., inability to perform vs. apprehension in performing functional activities). Each interview concluded with a cognitive debriefing review of the PKIP. This portion of the interview allowed for identification of any problems with question wording, recall period, or response options, as well as the ability to appraise the adequacy of any subsequent modifications made to the questionnaire on the basis of feedback heard during the first round of interviews.
Results

Literature Review
The results of the first search provided confirmation that there were potential interactions between activities and patients'
sensation about their joint and that there were opportunities to further explore these connections. Tools associated with balance, typically used in patients with stroke, had some potential but to date had not been used in the intended patient population and required additional development. Although some of the outcome measures did collect both activities of daily living and more demanding activities, the typical approach was to assess the level of difficulty with the particular task, such as stair descent. In addition, tools such as the OKS are affected by other joint disability and do not address stability or patellofemoral joint function. A gap remained: the underlying patient perspective regarding why the activity was difficult was not a theme addressed. Hence, the results of the first search identified that there was an opportunity to more completely assess biomechanical performance through delving more into the root cause of functional challenges where the knee function was isolated more specifically.
Concept Elicitation
A total of 14 individuals who had undergone primary TKA in the past 10 to 18 months participated in the focus group discussions. Participants ranged in age from 53 to 74 years and were predominantly white (12 of 14 [86%]). Table 1 presents characteristics of the participants.
Participants shared their perceptions of changes noticed in their replacement knee (i.e., good, bad, or neutral). Positive differences spontaneously reported by participants included the ability to return to normal activities (e.g., walking, playing golf, cooking), ability to get up from a chair or get up from lying down, better balance/stability, improved quality of life/feeling better, trust in knee (i.e., that it will stay in place), ability to do things without thinking about knee, no pain or much less pain, knee doesn't lock up, and no need to rely on others. Negative changes noted by participants included stiffness, numbness/ tingling below the knee, "twinges" in bad weather ("makes me aware"), concerns about the opposite knee, inability to kneel on knee, and lingering problems going downhill/downstairs due to balance problems. Other differences described were a feeling that more confidence (both physical and mental) was needed in the knee/leg.
When discussing how their knee feels to them currently, participants typically used the contrast between how their knee felt before surgery versus now. The initial descriptive responses (Table 2 ) fell loosely into the functional outcomes included in the TKA model, including natural motion (as demonstrated by stability, confidence, and satisfaction in the replacement knee). The concepts described by participants were coupled with specific activities. This pairing is of particular importance in that the concepts alone are less meaningful or specific as a means of outcomes assessment. The combination of the concept with appropriate activities provides further clarification of the concept.
When asked about their awareness of their knee while doing certain tasks, participants shared that motions/activities such as walking up or down steps, going down escalators, or walking outside in the yard, especially on uneven or slippery surfaces, will make them notice or pay more attention to their knee. Such activities caused many participants pain at least on occasion and that physical feeling led to their heightened awareness of the replacement knee.
Results from the focus groups indicated that most (9 of 10) of the draft items included were relevant and important questions to ask patients after knee replacement surgery. In addition, concepts of confidence, stability, and satisfaction in their replacement knee when performing activities requiring certain motions such as walking upstairs, downstairs, and getting up from a seated position were felt to be both distinct from each other and important to assess. A distinction was made between the concepts of confidence, described as "more mental," and the more physical concept of stability. On the basis of findings from the concept elicitation focus groups, concepts of stability, confidence, and satisfaction were deemed relevant and important to patients who have undergone TKA. There were no additional concepts raised by participants as missing in regard to the evaluation of performance after TKA. The draft item concepts are included in Table 3 .
Cognitive Debriefing and Refinement of Draft Items
A total of 28 individuals who had undergone primary TKA in the past 10 to 18 months participated in two iterative rounds of cognitive interviews. Table 1 presents characteristics of the participants. Participants ranged in age from 50 to 80 years and were predominantly white (25 of 28 [89.3%]).
The draft items were modified after round 1 of interviews. Based on participant feedback, the questionnaire was titled "Patient's Knee Implant Performance (PKIP)." Participants found the questionnaire items simple, easy to understand, and easy to answer. Although asking about the concepts of confidence and stability in relationship to specific daily activities was endorsed by participants, discussion around satisfaction was mostly centered on the relief of arthritic pain patients had experienced before TKA and return to desired functional activities that differed from person to person. Some participants were more physically active and wanted to return to more intense physical activity such as playing sports (e.g., playing golf, volleyball), while GED, General Educational Development. * Median age represents data from three sites because one site provided data in aggregate form only, as requested.
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others linked satisfaction with the return of being able to move around more freely (e.g., go food shopping, walk around at the mall). Therefore, the satisfaction item was modified for round 2 to ask more general questions regarding satisfaction with "everyday activities" and "knee function." Additional general questions were added for confidence and stability as well for round 2 to further describe the complete picture of those concepts and allow for inclusion of alternate activities that may otherwise be less generalizable. In addition, participants indicated that although they were able to do most of their everyday activities, because of some limitations after TKA, they may modify the way they go about performing such activities. Because of direct patient feedback elucidating this new concept, an additional item was added for round 2 to ask about how often participants modified or changed the way they do certain activities. Finally, although participants deemed that the activities included to assess confidence, stability, and satisfaction with their knee when performing activities were all relevant and important activities to assess when thinking about performance after knee replacement, some participants expressed that there was too much overlap in asking the same activities for each item (i.e., it appeared redundant to them). On the basis of this feedback, select activities were modified for each specific concept for further testing in round 2 to better define and delineate the individual concepts. The draft item concepts along with the item concepts included in the PKIP are included in Table 3 (Item  Concept Table) .
Items in round 2 generally tested well, and only minor modifications were made to the items on the basis of round 2 interviews to further facilitate comprehension and accurate responses. Saturation, defined as "the point when no new relevant or important information emerges and collecting additional data will not add to the understanding of how patients perceive the concept of interest and the items in a questionnaire" [23] , was monitored as part of the qualitative research effort. All interview participants indicated that the questionnaire items comprehensively covered key concepts faced by patients after TKA. Achievement of saturation within this participant sample supports both the content validity of the PKIP and assures the researcher that a sufficient sample size was included. On the basis of two rounds of cognitive testing, the PKIP was refined to include a total of nine items assessing knee implant performance and both presurgical and postsurgical versions were created. Items assessing confidence, stability, and modification based on activities are scored on an 11-point numerical rating scale, a 5-point ordinal categorical response scale is used to assess frequency and stability, and a 6-point scale is used to assess satisfaction. The recall period referenced in the tool is "the past week."
Cognitive debriefing results elucidated relevant modifications that needed to be made to provide better clarity and improve comprehension. The results from the cognitive debriefing (Table 4) further confirmed the content validity of the measure. Lingering numbness felt in the replacement knee seems "unnatural"
Touching, bending down, or kneeling "feels weird," individuals "expect to feel something and don't" "I notice it off and on where I'm just more cautious now"
"Twinges" in bad weather Can do things without thinking about knee Natural motion Confidence • "I think there's a sense, a little bit of insecurity with respect to balance [when walking down steps]" • More "cautious" when walking around the backyard due to the "divots" in the yard that make the ground uneven, which have caused incidents of stumbling • Confidence was described as somewhat "more mental" than physical -"I know that the knee works but I'm looking down just to make sure" -"It's being more observant" -"… trust still has to be built up again" in the replacement knee -"… confidence is a little shaky"
Stability
• "Stability" has improved since surgery • "Balance" was somewhat of a problem still • "Working hard to step the same" way on stairs as before experiencing knee problems
Motion
• The "flex" still isn't there in the replacement knee • The knee replacement "doesn't have the same strength that the other knee has"
Satisfaction
• "Disappointed with the lack of bend" in the replacement knee • Desire to flex the replacement knee to a greater degree • Better balance/stability • Improved quality of life/feeling better • Trust in knee (that it will stay in place)
• No pain or much less pain • Knee doesn't "lock up"
• No need to rely on others
Function
• Ability to return to normal activities including such things as walking, playing golf, and cooking • "… hold onto the handrail because it will absorb some of the shock. Naturally, you're putting more weight onto your hand to absorb the extra weight on the knee" • "When I'm walking down steps, I'll tend to look at the steps rather than just walk. And I catch myself doing that every once in a while" • Would feel less confident to attempt steps without some type of aid (cane or another person to lean on) 
Discussion
Despite the increasing occurrence of TKA, a gap exists in the understanding of the patient experience regarding functional outcomes tied to stability, motion, and confidence in use of the replacement joint. Although the phenomenon of a "natural" feeling hip arthroplasty has been established, the same is not true for those patients receiving TKA. Assessment of knee implant performance from the patient perspective can provide more robust information not only for evaluation of biomechanics but also to support education regarding patient expectations after TKA. Furthermore, a better understanding of the relationship between patient functional performance (e.g., limitations descending stairs, assessed by historical outcomes tools [e.g., KOOS]) and the underlying factors influencing functional performance, such as stability, confidence, and necessity for activity modification (assessed by PKIP), can theoretically help discriminate improvements in product design and surgical process that are relevant to multiple stakeholders, especially patients. Patient feedback in this study indicated that more detailed information included in the PKIP questionnaire could help improve preoperative patient education. Improved patient education has been shown to positively affect postoperative patient outcomes [24] . Development of the PKIP followed rigorous methodology for questionnaire development [25] , including examination of currently available literature, development of a draft conceptual model to guide creation of a new measure, and concept elicitation and cognitive debriefing to confirm the model, refine items, and support content validity. Item development was supported by review of the literature and clinical evidence coupled with direct patient input. Following a concept elicitation component to support content validity of draft items, iterative rounds of cognitive debriefing interviews were conducted with patients 10 to 18 months after TKA to substantiate the optimal recall period and response options and verify that respondents were able to clearly and consistently understand both the questionnaire instructions and items. Results from the current study suggest that the PKIP items comprehensively cover concepts important to assessing performance after knee replacement that are not currently assessed within available measures for use in TKA studies.
The importance of performance assessment from the patient perspective was confirmed in this study. The brevity of the measure coupled with items assessing typical daily activities lend credibility for use of the PKIP in conjunction with measures evaluating anterior knee pain and crepitus in clinical studies as well as use in routine clinical practice to evaluate longitudinal prospective surgical outcomes.
A potential weakness of the study is the unknown representativeness of the study sample to the general TKA population, although efforts were made to recruit a diverse sample in terms of sex, age, education, race, ethnicity, and device design and type. In addition, although the PKIP was developed in a broader English-speaking population (United States, Northern Ireland, and Australia), further assessment of translatability and adaptation into additional languages may be warranted.
Initial review of the literature and identification of available measures were conducted in 2009. Subsequently, in 2010, a new questionnaire, the Forgotten Joint Score, was identified that assesses the patients' ability to forget their artificial joint in everyday life [12] . Using this measure, Behrend et al. [12] demonstrated that patients who had undergone THA had a greater ability to forget their implant compared with patients who had undergone TKA. The 12 items in this questionnaire focus on the awareness a patient has of the artificial joint while doing specific tasks. Although perhaps some overlap may exist in the value of the assessment properties of these measures, the PKIP expands on the concept of awareness to include additional concepts designed to assess evaluation of performance improvement.
Conclusions
This study resulted in the development of the PKIP, a selfreported measure to assess performance after primary TKA. The PKIP assesses relevant concepts important to measuring • Aware due to "numbness," "pain," or "stiffness"
• "… I was feeling something from it when I walk"
• "… it was working against me more than with me 'cause it was there and it wasn't moving the way I wanted it to move" • "Mental" awareness -More cautious or careful when doing certain activities because still building confidence or afraid of reinjuring the replaced joint
• "Aware" of the knee when doing particular activities: -Kneeling related to discomfort/mobility -Difficulty with crossing legs -"… can't go up a lot of steps" (e.g., two flights) -Gardening (i.e., getting down on knees), sitting on a low stool, getting onto a motorbike, getting in/out of a car, getting in and out of a spa bath, or simply being tired at the end of the day after being very active -Needing to use a "stick" to walk
• "Aware" due to sounds or sensations:
-"Clicks/clicking," "clunking," "a crunch" -Numbness -Soreness at the bottom of the incision scar (a "raw feeling") -Knee is "not as free" and unable to "bend it back as far" -"Aware that it's an artificial joint" Natural motion Confidence
• "There are some things that I guess just mentally I don't want to try"
• Less confidence when performing activities including the following: -Walking outside on slippery surfaces such as snow, ice, or wet grass -"Kneeling on your replacement knee," "getting in/out of a car,"
"sitting down on a toilet," "walking on an uneven surface," and "getting up from a toilet"
• Mental association felt in regard to the concept of confidence • Less confidence when performing activities including the following: -Going upstairs and walking for long periods of time (because of fatigue and soreness in the knee)
Stability
• "That it's going to be doing what it needs to be doing …"
• "Afraid/feel like it would give out"
• "I don't know when it's going to pop … every once in a while, there's that one chance that, you know, it's like it gives out on me" • Less stable when performing activities including the following:
-Walking up a hill/ramp/incline and going down a hill/ramp/decline -Getting in and out of a tub -Getting in and out of a shower -Getting out of a car after driving long distances
• "Solid," "won't dislocate"
• Less stable when performing activities including the following: -Kneeling, getting out of bed in the middle of the night -Going downstairs -Walking downhill or on downward sloping surfaces
Motion
• Difficulty with things that required bending the knee past the 90 degree point -Getting in and out of the bathtub/cleaning the bathtub -Squatting down, gardening/weeding, scrubbing the floor -Twisting or pivoting when dancing or bowling, getting into certain yoga positions
• Additional tasks that caused difficulty -Using stairs -A ramp, or "even a steep driveway," will require taking "smaller steps" -Kneeling -Getting in and out of a car • Additional tasks that caused difficulty -Going up and down a ladder -Standing and working in the kitchen for any length of time -Crossing legs -Getting up out of a chair after sitting for an extended period of time -Sitting on the floor or in a lower chair and getting up -Walking on slippery surfaces -Kneeling
• Could now do things weren't able to do before knee replacement -Riding a bike, walking for extended periods for exercise, yoga, playing golf, mowing the lawn, playing volleyball -Walking for long distances on hilly routes, playing badminton (due to limitations in mobility and ability to pivot on knee), and running on a treadmill
• Could now do things weren't able to do before knee replacement -Now "pain free" when depressing the clutch in the car Satisfaction • Absence of pain along with the ability to do desired activities • "… confidence level is off the chart now that I'm able to get around and walk" • "… mechanical/hinge-like feeling" was an acceptable "trade-off"
• "Occasional clicking"
• "The only thing I care about is the bending"
• Largely equated to the absence of arthritic pain along with the ability to return to activities with few or no limitations or associated pain • "… terrible" time with recovery • Satisfaction improvements linked to activity and limitations -"… kneel on knee without discomfort" -"… go out walking about without the stick" -TKA to be like other knee (i.e., knee does not bend back all the way, it is an artificial joint)
Modification
• Less likely to use stairs or used some type of compensatory approach when using steps such as using the handrail and/or a cane for assistance and climbing or descending one step at a time • "… kneeling" and "putting on socks" is difficult and have "to improvise"
• Difficulty with tasks that required kneeling • No longer uses a step stool or ladder • Rails in the bathroom to help with using the toilet and shower TKA, total knee arthroplasty. the ways in which a patient's knee replacement improves performance and is brief and easily administered. A rigorous qualitative methodology was used to develop the PKIP, including a targeted literature review and development of a draft conceptual model to guide appropriate measurement development, focus group discussions with patients after primary TKA to elicit relevant concepts and confirm the model, and cognitive debriefing of the draft items to confirm content validity. The psychometric properties of the PKIP will be evaluated in the next phase of development. The PKIP allows for assessment of function in relation to stability, motion, satisfaction, and confidence, a previously unavailable measurement capability among existing knee-specific PRO measures. The PKIP could potentially be a complementary outcomes measure to better understand whether or not functional performance has been improved after TKA.
